Abstract. This review provides some recent progress of the research in machinability assessment of magnesium alloys. Surface integrity and cutting temperature as the main machinability terms are widely discussed in this paper. Machining parameters, such as cutting speed, feed, depth of cut, play important roles in developing good surface finish and high quality surface integrity. Achieving good surface finish (low surface roughness) is a main objective in machining, especially for biomedical applications. Cutting temperature during machining has to be taken into considerations. High temperature during cutting leads to low surface finish and higher tool wear rate, leading to low tool life and poorer surface finish.
Introduction
Magnesium alloys are one of the promising lightweight materials for automotive, aerospace and biomedical applications. Its density of 1.74 g/cm 3 offers a potential for weight reduction of up to 25% compared to aluminium [1] . In addition, most of magnesium components are needed by the automotive industries where the choice of materials is increasingly dictated by weight saving and recycling needs [2] .
Furthermore, these materials are also found as remarkable materials for novel biodegradable materials for medical implants [3] . However, due to their unsatisfactory corrosion performance, the applications of these alloys are limited. For instance, magnesium-based fixation implants need to hold their mechanical strength for at least 12 weeks to allow sufficient healing time for the fractured bone while premature failures of these implants often occurred due to high corrosion rates in human body [4] .
The machinability of magnesium alloys are reported to be very good due to low cutting force and broken chips. However, due to the risk of firing of fine particles during machining, lead to decrease in the machinability of magnesium alloys [5] . Surface integrity of the machined parts has also critical impact on their functional performance [6] . The quality and performance of a component is directly related to the surface integrity achieved by final machining includes the mechanical properties (residual stresses, hardness, etc) of the work material during processing and topological parameters such as surface finish and other topographical features [7] . Surface integrity factors, such as grain size, crystallographic orientation and residual stress, have been proved to remarkably influence the functional performance of magnesium alloys [8] . This paper will be widely discussed the effects of machining parameters, such as cutting speed (v), feed (f), and depth of cut (d) on the surface integrity and cutting temperature during machining several magnesium alloys.
Surface Integrity
Machinability of AZ31B-O Mg alloys were investigated by Pu et al [8] by employing dry and cryogenic machining. Liquid nitrogen with flow rate of 0.6 kg/min was used and the experimental setup is shown in Fig. 1 . They found that the application of liquid nitrogen led to about 20% decrease in surface roughness compared to dry machining. In additions, strong adhesive effects between the cutting tool and magnesium alloys were reported and the formation of flank build-up was found to be more severe at higher temperature in dry machining. They concluded that the better surface finish in cryogenic machining should be due to the remarkably reduced temperature through effective cooling by applying liquid nitrogen. Guo and Salahshoor [9] studied the process mechanics and surface integrity in milling of magnesium -calcium alloys. They found that surface roughness in the range of 0.2-0.6 µm was achieved at low feed. They also found that feed was the most significant influence on surface roughness, while speed and depth of cut had no apparent trends on R a . Furthermore, they also realized that both principal residual stresses are very compressive at the high speed dry milling conditions even in the presence of tool/material adhesion when cutting speed increases from 1200 to 2800 m/min. Furthermore, the average of maximum principal residual stresses for each surface is approximately twice as high as the minimal principal stress. Bhowmick et al [10] reported the investigation on dry and minimum quantity lubrication in drilling of cast magnesium alloys (AM60). The change in surface roughness values with the number of hole produced in different drilling conditions was found. They recorded that the highest surface roughness values was 46.8 -25.3 µm at the onset of drill failure during dry drilling. They also suggested that H 2 O-MQL drilling led to higher surface roughness. 
Cutting Temperature
Bhowmick et al [10] used infrared thermometer to investigate the cutting temperature during drilling of cast magnesium alloys (AM60). The maximum temperature reached during the drilling of each holes are presented in Fig. 2 . The authors found that the temperature during dry drilling increased rapidly above 150 0 C after drilling the first 10 holes, although the rate of temperature increase actually slowed down afterwards, but temperature just under 200 0 C were still reached [10] . They also concluded that the maximum temperature attained during H 2 O-MQL drilling followed trend that was similar to that of flooded drilling. 
Material and Manufacturing Technology IV
Fang et al [11] investigated the mean flank temperature measurement in high speed dry cutting of magnesium alloy (AZ91). The ball-nose end mills used were micro-grain tungsten carbide tool with the diameter of 10 mm. An artificial K-type thermocouple is mounted on the workpiece, as shown in Fig. 3 . The authors found that the measured temperature decreases with an increase in the undeformed chip thickness as shown in Fig. 4 . It can be explained that when the undeformed chip thickness is reduced, the shear angle decreases, making the temperature in the shear plane increase. This can also be explained using the specific cutting force. When the undeformed chip thickness is reduced, the specific cutting force is increased. As the shear energy per unit volume of removed metal increases with the increase in the specific cutting force, higher temperature in the shear zone is generated. The authors [11] also found that the maximum measured temperature was 302 0 C at the cutting speed of 816 m/min and undeformed chip thickness of 9 µm, which is less than the melting point of magnesium alloys. Therefore, no fire risks in these cutting conditions. Salahshoor and Guo [12] also investigated the temperature during high speed face milling of biomedical magnesium-calcium alloy (MgCa0.8) using PCD tipped inserts with the range of cutting speed in between of 1200-2800 m/min. They suggested that there were two factors should be considered in studying the temperature contour, the size of the area covered with the certain temperature and the temperature itself. They found that the predicted temperature is close to 600 0 C. Furthermore, they pointed out that heat conductions between the tool/workpiece and the workpiece/environment were not incorporated, the predicted temperatures would be the upper bound of machining temperature in practice at the cutting conditions [12] . During the experiments, they found that the temperature dropped rapidly to about 450 0 C in moving 1µm toward the opposite face of the formed chip. Furthermore, 99.5% of the formed chip remains in solid state during the cutting since the eutectic temperature of MgCa0.8 alloy is 516.6 0 C. So, no chip ignition and fire hazard occur in cutting this material.
Advanced Materials Research Vol. 748 9

Conclusion
A comprehensive overview in terms of surface integrity and cutting temperature during machining for several magnesium alloys have been done in this paper. Liquid nitrogen used in cryogenic machining of AZ31B-O Mg alloys have been proved to significantly decrease the surface roughness to about 20% compared to dry machining. Feed become the main factor during machining of magnesium alloys, whereas cutting speed and depth of cut play minimum roles on surface roughness. In additions, in the case of drilling of magnesium alloys, the usage of H 2 O-MQL as cooling fluid, lead to higher surface roughness. The temperature during dry drilling increased rapidly above 150 0 C after drilling the first 10 holes, although the rate of temperature increase actually slowed down afterwards. The measured temperature decreases with an increase in the undeformed chip thickness. It can be explained that when the undeformed chip thickness is reduced, the shear angle decreases, making the temperature in the shear plane increase. There are two factors should be considered in studying the temperature contour during machining of magnesium alloys, the size of the area covered with the certain temperature and the temperature itself.
